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. SUMMARY

Testing was conducted by the Naval Air Development Center to determine
torgue-tensinn relationship for selected self-locking nuts. The torque wrench

and Skidmore~¥ilhelm bolt tension tester were used in determining torque-
tension relationship.

The control of fastener preload is necessary in the design of rigid
joints for Navy aircraft, since joint strength is effected by preload as well
. as by tensile strength of the fastener. The proper amount of preload will
i not only extend the joint and fastener fatigue life but will also increase

the structural reliability.

The test results indicated that torque wrench method is not accurate for
determining preload when fasteners are preloaded to 75-80 percent of their
! ultimate tensile strength. The accuracy of torque wrench method deteriorates
even more 1! fasteners are used for more than one cycle application. There
was also significant difference in preload between all metal nuts and nuts
, with nonmetallic inserts. The fastener preload variation decreased with
! larger fastensrs.

Based on the test results it is recommended that fasteners shouid not
be reused when they are preloaded to 75-80 percent of the fastener ultimate
tensile strength by torgue wrench method.
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INTRODUCTION

The testing program to determine torque-tension relationship for
seiected threaded fasteners was conducted by the Naval Air Development Center
(NAVAIRDEVCEN) under AIRTASK A510-5103/001-4/3510-000-002, Work Unit
A5303-59.

Due to the continual naval aircraft service problems created by the lack
of realistic torque values for threaded fasteners the Naval Air Systems
Command requested that a study be made and testing conducted by this Center
to determine torque-tension relationship that could provide realistic torque
values for selected threadec fasteners.

The control of fastener preload is necessary in the design of rigid joints
for Navy aircraft, since joint strength is effected by preload as well as
tensile strength of the fastener. The proper amount of preload will extend the
joint and fastener fatiqgue life thereby increasing the structural reliability
of the system. Exact preload is difficult to obtain due to variables such as;
bolt and nut friction, kearing area friction, bolt and nut dissimilar materials
having diiferent anti-seize properties, thread tolerances, hardness, alignment,
type of finish, coating, lubricant and age of lubricant. There are a number of
different methods that can be used to control preload of threaded fasteners,
some of them are listed below in order of increasing accuracy:

1. Feel method - preload is determined by feel.

2. Torque wrench method - the nut or bolt is turned to a predetermined
torque.

3. Turn~of-nut method - the nut or bolt is turned a predetermined
number of degrees after all play has been removed from the joint.

4. Preload indicating washer method - utilizes compression of an inner
ring between two flat washers with an outer indicating washer for control.
As the load increases, the inner ring (which is higher than the outer indicating
washer) is sqeezed down and is enlarged in diameter; the predetermined preload
is obtained when the outer indicating washer binds against the two flat washers.
The other type of indicating washer utilized collapse of washer's precision
coilar when predetermined preload has been reached.

5. Frangible nut (collar shear-off) method - utilizes collar on the nut
that shears-off at a predetermined preload.

6. Pull method - the pin is stretched to a predetermined load with a tool
while the collar is swaged into the groove of the pin or threaded on to the
pin.

7. Bolt elongation method - preload is determined by measuring the
acutal change in the length of the bolt.
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i e i o I et A e 2




e ———

gy e Y

NANC-75359-30

8. Strain gage method - preload is determined by use of strain gages.

NAVAIRDEVCEN evaluated method 2 (torque wrench method), and used the preload
of 80 percent of the fastener ultimate tensile strength in this evaluation,
since this is an optimum preload for torque wrench method. This method is
very inexpensive and has been widely accepted by the aircraft industry. A
Snap-on torque wrench was used to determine the torque and Skidmore-Wilhelm
bolt tension tester was used to determine the tension.

DESCRIPTION OF TEST SAMPLES

The alloy steel self-locking nuts used in test program were MS21042,
MS21044, MS21045 and MS21245. Half of the nuts from each military standard
had a dry film lubricant and the other half a soluble lubricant, and were
obtained from the Defense Industrial Supply Center (DISC).

The MS21042 nuts were of designs A and B and aire shown in figure 1, their
lockiny element -onsisted of upper threaded section being elliptically
offset. The MS21044 nuts were of design C and are shown in ficure 2, their
locking element consisted of nonmetallic insert. The MS21045 nuts were
of designs G, H, E and f and are shown in figure 3. The locking element of
designs G and H consisted of upper threaded section being divided into six
equal segments which were vpset or closed in. The locking element of designs
E and F consisted of upper threaded section being elliptically offset. Tie
MS21245 nuts were of design K and are shown in figure 4, their locking element
consisted of upper threaded section being divided into six equal segments which
were upset or closed in. The nuts of designs D ard J are shown in figures 3
and 4 but were not used in this evaluation. The nuts were tested on MS21250,
M520004, MS20005, MS20006 and MS20008 bolts, with exception of MS21250 the bolts
were of 160 KSI Ftu strength level. The MS21250 bolts were of 180 KSI Ftu
strength levcl and were used for No. 10 size, since this size is not available
in 160 KSI Ftu strength level. The MS20002 countersunk washers were used under
bolts and nuts bearing areas.

DESCRIPTION OF TEST AND SETUP

The bolts and nuts with countersunk washers under the bearing areas were
installed in 30,000 pounds Skidmore-~Wilhelm koit tension tester, which
had two gages, one of 10,000 pounds and the other 30,00" pounds. The nut
was then turned while the bolt was held stationary. This procedure was
repeated for 5 cycles. The nuts were preloaded to approximately 80 percent
of the nut minimum ultimate tensile strength. The torque needed to obtain
this preload was established by tests on initial samples and was not varied
for the nuts of the same size and strength level, regardless of the nut
design or preload. The torque readings were obtained by using 300 in.-1lbs.,
600 in.-1lbs. and 250 ft.-lbs. Snap-on torque wrench and preload readings
were obtained from gages on Skidmore-Wilhelm bolt tension tester,

SUMMARY OF RESULTS

The torque-tension relationship (figures 5 through 30) between various
self-locking element designs, lubricants and even between samples of the same
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design and size exhibited marked differences. The comparative torque-
tension relationship, preload spread and variation between samples of
different designs and lubricants are shown in figures 31 through 47

and in tables I through V. The effect of friction factor (coefficient

of friction) on torque-tension relationship are shown in figures 48

through 52. Due to wide preload spread obtained on the fifth cycle,

see tables I through V, results beyond first cycle could not be evaluated

in detail. The differences in the preload among the samples for the first
cycle (at the torque which was initially determined by test to be 80 percent
of the nut minimum ultimate axial strength) are detailed below:

1. MS21042 (first cycle with dry £ilm lubricant).

Sizes No. 10, 1/4, 5/16 and 3/8 inch were of design B, B, A and A
respectively, see figure 1. The preload spreads on five samples of each size
were: 36, 19, 8 and 17 percent for sizes No. 10, 1/4, 5/16 and 3/8 inch
respectively. Sample nuts of sizes No. 10 and 1/4 inch were from 32 percent
below to 21 percent above the 80 percent preload, see tables I and II., Sample
nuts of sizes 5/16 and 3/8 inch were 51 to 1l percent below the 80 percent
preload, see tables III and IV.

2. MS21042 (first cycle with soluble lubricant).

Sizes No. 10, 1/4, 5/16 and 3/8 inch were of design B, see figure 1.
The preload spreads on five samples of each size were: 29, 53, 13 and 18
percent for sizes No. 10, 1/4, 5/16 and 3/8 inch respectively. Sample nuts
of size 1/4 inch were from 24 percent below to 29 percent above the 80 percent
preload, see table II, Sample nuts of sizes No. 10, 5/16 and 3/3 inch were
68 to 6 percent below the 80 percent preload, see tabies I, IIXI and IV.

Based on sample average of sizes No. 10, 1/4, 5/16 and 3/8 inch
the average friction factor (coefficient of friction) for nuts with dry
film lubricant was 0.21 and for nuts with soluble lubricant was 0.25,
see table VI,

3. MS21044 (first cycle with soluble lubricant and nonmetallic insert).

Sizes No. 10, 1/4, 5/16, 3/8 and 1/2 inch were of design C, see
figure 2. The preload spread on five samples of each size were: 80, 54, 39,
25 and 39 percent for sizes No. 10, 1/4, 5/16, 3/8 and 1/2 inch respectively.
Sample nuts of sizes No. 10 and 1/4 inch were from 63 percent below to
17 percent above the 80 percent preload, see tables I and II. Sample nuts
of sizes 5/16, 3/8 and 1/2 inch were 62 to 4 percent below the 80 percent
preload, see tables IIXI, IV and V.

Baged on sample average of 3izes No. 10, 1/4, 5/16, 3/8 and 1/2 thLe
average friction factor (coefficient of friction) for nuts was 0.30, see
table VII.
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4, MS21045 (first cycle with dry film lubricant).

Sizes No. 10, 1/4, 5/16, 3/8 and 1/2 inch were of design E, G, F,
H and H respectively, see figure 3. The preload spreads on 5 samples of each
size were: 23, 23, 25, 18 and 40 percent for sizes No. 10, 1,4, 5/16, 3/8
and 1/2 inch respectively. Sample nuts of sizes No. 10 and 3/8 inch were from
17 percent below to 9 percent above the 80 percent preload, sc tables I and
IV. Sample nuts of size 1/4 inch were 24 to 1 percent below the BO percent
preload, see table II. Sample nuts of sizes 5/16 and 1/2 inch were 13 to 53
percent above the 80 percent preload, see tables III and V.

5. MS21045 (first cycle with scluble lubricant).

Sizes No. 10, 1/4, 5/16, 3/8 and 1/2 inch were of design E, E, G,
E and F respectively, see figure 3. The preload spreads on five samples of
each size were: 46, 38, 58, 8 and 23 percent for sizes No. 10, 1/4, 5/16. 3/8
and 1/2 inch respectively. Sample nuts of sizes No. 10 and 1/2 inch were from
9 percent below to 37 percent above the 80 percent preload, see tables I and
V. Sample nuts of size 3/8 inch were 36 to 28 perzent below the 80 percent
preload, see table IV. Sample nuts of size 1/4 and 5/16 were 19 to 65 percent
above the 80 percent prelovad, see tables II and VII.

Based on sample average of sizes No. 10U, 1/4, 5/16, 3/8 and 1/2
wnch the average friction factor (coefficient of friction) for nuts with

dry film lubricant was 0.20 and for nuts with soluble lubricant wes 9.18,
see table VII1I.

6. MS21245 (first cycle).

Muts with dry film and nuts with soluble lubricant were of 1/2 inch
size and of design K, see figure 4. The preload spread on five samples with
dry film lubricant was 28 percent and for samples with noluble lubricant was
34 percent. The preload spread on sample nuts with dry film lubricanc varied
from 2 to 30 percent above, and on samples with soluble lubricant from
15 percent below to 19 percent above the 80 percent preload, see table V.

Based on sample average of cne size the average friction factor
(roefficient of friction) for nuts with dry film lubricant was 0.14 and
for nuts with soluble lubricant was 0.16, see table IX.

Preload for the fifth cycle varied widely and the extreme variations are
listed below:

1. MS21042 (fifth cycle with dry film lubricant).

a, Size No. 10, 1900 to 2900 pounds for the first cycle and 700 to
3400 pounds for the fifth cycle.

b. Size 3/8, 6000 to 10800 pounds for the first cycle and 3850 to
10,000 pounds for the fifth cycle.

10
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2. MS21042 (fifth cycle with soluble lubricant).

a. Size No. 10, 1800~2600 pounds for the first cycle and
3800 pounds for the fifth cycle for one sample only because bolts broke on
other four samples before required torgque was reached.

b. Size 5/16, 2500 to 3500 pounds for the first cycle and 2100
to 6750 pounds for the fifth cycle.

3. MS21044 (fifth cycle with soluble lubricant and nonmetallic insert).

a. Size 3/8, green insert, 3125 to 4750 pounds for the first cycle
and 11625 to 12750 pounds for the fifth cycle.

b. Size 3/8, red insert, 3055 to 5800 pounds for the first cycle
and 11375 pounds for the fifth cycle for one sample only. because nut thread
stripred on other four samples before required torque was reached.

4. #S21045 (fifth cycle with soluble lubricant).

a. Size 1/4, 4375 to 5750 pounds for the first cycle and 2375 to
2750 for the fifth cycle.

b. Size 3/8, 5875 to 7500 pounds for the first cycle and 4750 to
12375 for the fifth cycle.

5. MS21045 (fifth cycle with dry film lubricant).

a. Size 1/4, 2800 to 3625 pounds for the. first cycle and 1750 to
2375 for the fifth cycle.

b. Size 3/8, 7600 to 9250 rcunds for the first cycle and 9250 to
11250 pounds for the fifth cycle.

6. MS21245 (fifth cycle with soluble lubricant).

a. Size 1/2, 9375 to 13125 pounds for the first cycle and 3000 to
3750 pounds fer the fifth cycle.

DISCUSSION

In this test program no attempt was made to determine what effect
lubricant age or various locking elements have on preload. The military
standards leave the shape of the upper part of the nut and the locking
element design optional, therefore, different manufacturers make nuts
with various upper shapes and locking elements which meet the same military
standard. The self-locking nuts used in this test program were obtained
from Defense Industrial Supply Center (DISC) by specifying federal stock
number, therefore, they are representative samples as to what is used in the
field. The tested nuts had various upper shapes and locking elements, see

11
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figures 1, 2, 3 and 4, and because they were obtained out of stock and lack
identification markings, determination could not be made when or who manu-
factured them.

K buring torque-tension tests the MS21042-3 all metal nuts and MS21044N6 nuts

with red and green nonmetallic inserts had appreciably higher preload on the

fifth cycle than on the first cycle, which is contrary to data obtained for

‘ the other samples, see figures 9, 16 and 17. The trend of the test data

i indicates that with each reuse of the fastener, higher torque is needed to

! obtain the same preload. No explanation can be ade for opposing resul*s on
MS21042-3 and MS21044N6.

CONCLUSIONS

1. Based on the test results the torque wrench method for determining pre~
l load is not accuvate.

2. Pasteners thac have been preloaded to 75-80 percent of the ultimate tensile
strength should not be used beyond first cycle application.

3. The fastener preload becomes more uniform with larger size fasteners.

4. The variation of the friction factnr (coefficient of friction) between
all metal dry film lubricateé nuts and all snetal nuts with soluble lubricant
was not significant. The friction factors, for the first cycle only, were
as follows:

a, Friction factor 0.21 for MS21042 with dry film lubricant.
. b. Friction factor 0.25 for MS521042 with soluble lubricant.

c. Friction factor 0.21 for MS21045 with dry film lubricant.
d. Friction factor 0.18 for MS21045 with soluble lubricant.

e, Friction factor 0.14 for MS21245 with dry film lubricant.
f. Friction factor 0.16 for MS21245 with soluble lubricant.

If sizes No. 10 and 1/4 inch were not included in calculating average friction
facror for MS 21045, the friction factor for nuts with and without dry film
lubricant would be 0.15.

S. There is a significant difference in friction factor betwzen all metal
nuts and nuta with nonmetallic insert. The friction factor ¥or nuts with non-
metallic insert was 0.30.

RECOMMENDATIONS

1. Based on the test results it is recommended that fasteners should not
be reused when they were preloaded to 75~80 percent of the fasteners ultimate
tensile strength by torque wrench method.

2. It is recommended that when fasteners are preloaded to 75-80 percent

12
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of the fastener ultimate tensile strength the torque wrench method should not
be used in application where failure of one fastener would result in
failure of the system.

3. 13ased on the test results it is recommended that friction factor of
0.30 be used for MS21044 self-locking nuts with nonmetallic insert for sizes
No. 10 through 1/2 inch and 0.15 for MS21045 self-locking nuts made from alioy
steel for sizes 5/16 through 1/2 inch.

4. Additional tests should be conducted to determine accuracy of other

methods to control preload of threaded fasteners such as preload indicating
washers and frangible nut (collar shear-off nut).

13




R .| T O St

VS

NADC-75359-30

1

‘a)cxa 3Toq satdwes INOJ uoO B3RP ONk

£

00bT-000T 8961 SY8l (85144 Yazta 001 S cd €-SVOTZSKH
00LZ2-008T 8961 Sv81 ooy 3ISaAT3 001 S 3 £-SPOTZSH
00LT-0SST 8961 SP8T osve U3zta 001 S ct €ISVPOTCISH
0S12Z-00LT 8961 SP81 osve 3ISITI 00T S i €ISPOLZSKH
00T1Z-008 8961 Svel (0144 Yzta 001 S 2 ENPYOTZSH
00geZ~sZL 8961 Sy81 o9bz 3Isata 001 S 2 ENPPOTZSH
»008¢ aLLe c09Z oLbE y3azta 00T S g €-ZFPOTCSK
009Z~008T oLLe 2092 OoLVE 3Isata 001 S g €-ZVOTZSKW
coveE-00L SLLe 209¢ oLVE Yazta 001 S g €IZYOTISH
006¢-006T ALLe 2092 oLYE ISaATS 001 S g €ITYOTISK
(*sq1) (-sqr)yzbuszis (-sqi)ulabusxis (°sqT) usyel, (°SQT--ul) DpPa2saL p 10 £ ‘7 ‘1 22Z1s
satdures paisalL Terxy TeTIXY y3busaxjzs burpeady anbxoy, satdures sambtg pue
uo peaads TUIW InN SUTKE AN ety 3124AD Jo 295 ‘'ubrsag sy
peoTaad 3yl 30 %08 Y3 30 ¥GL  CUTK 3INN TaqUMN atdures yaed
LON TIIS OT "ON d0d NOILVIMVA NOISNAIL-INGIOL I JIgvl

14




NADC~75359-30

AR T

15

06L2-SLET $99¢ SeEbe oss?v Yazta 0s¢ S P-SpPO1ZSH
0GLS-SLEY 14%=1% SEVE 18:23%4 3ISITA 0s2 S v-SPOTZSK
SLEC-0SLT p99e SeEve 08sY Yaztg 0sZ S YPISPOTZSH
S¢9£-0082 411 SEvE 08sd 3Isata 0se S PISYOTISH
000Z-0S¥PT vooc SEPE 08sv U33Td 0s¢ S PNPYOTZSH
001¥-00S< ¥99¢t SEVE o8svy IsaTy 0S¢ S PNPHOTZSH
SLEV-SLEC 096% 0s9Y 0029 Y3azta 0sZ S g Y-ZYO0TZSH
SLE9-0SLE 096b os9r 00z9 IsaTa 0s¢ S g ¥~ZVOTZSKW
0SLE-SCTTE Q96v 0SSy 0079 Y3ztra 0se S g PICPOTZSK
0009-0005 0}=134 0s9% 0029 Isatd 0sZ S g VIZPOTTSH
(-sq1) (*sqr)y3busazs (-sql)y3zbusalis (-sqr) usyel, (-Sqr--ut) Ppo3IsSeL ¥ 10 € ‘7 ‘1 921S
satdwes pa3say TeIxy TerxXy yzbusxys Hurpesy anbaog, so1dures sambTtyg pue
uo peaxds TUTW 3INN Utk 3NN TeTXVY 9T24AD 3jo 395 ‘ubisag IaqunN
peoTaig ay3 30 %08 3yl 3Jo G,  “UTW INN Taqump a1dureg 3I%4
IOAN JZIS b/1 ¥O03 NOILYINVA NOISNIL-INTHOL “II II9vl




-paddix3s speaayly atdues suoc elep ONx

NADC~75359-30

T ———— - ey e . A o e = -

00TL-0SLT ZT6sS Zvss O€. .. Yazra oov S S-SPOTZSK
06L.6-00€9 Z21es Zvss 06€L 3Isaty oov S S-SPOTZSH
*00S8-006L ¢T6S (443" 06€£L Y3Iztg 00v S SISYOTCSK
0006-00S¢ ZT6S Zvss 06€L 3ISaTS (010) 4 S STISHYOTTSH
0SL2-00¢e2 ZT16S (443 o6€L qIFra oov S SNVPOTZSH
00LS-0SEE ZT6S 441 06gEL Isatg 010} 4 S SNVPOTZSH
05L9-0012 958L S9€L QzZ86 Yylzta oov S S-ZYOTCSH
00S€£-00S2 958L S9EL 0Z86 3ISITI (919} 4 S S-ZVOTZSKH
SLES-000% 9s8L S9fL 086 Y3I3Ta oov S STIZYOTISH
0S2S-SZ9% 958L S9€L 0786 3IsaTd oovy S STZYOTZSH
{°sqT) (-sqr)y3abuaals (-sqr)y3zbusdaas (-sq1) uayey (°Sq{-"UT) PIISIL b 10 ¢ 921S
satdues pa3lsay TeTIXyY TeTXY yabuazls burpesy anbxog, satdures pue
uo pesads "UTKH 3NN “uTH 3INN I2TXY  9IDAD j0 TaqunN
vectazg ay3l 3o %08 943 30 x5¢ “UTIW 3INN Jaqump 3Ixed
ION 3FZIS 9T/S ¥04 NOILVIMVYA NOISNIL-INCUOL °III TIdVl

16




‘paddrais speaiyl saTdwes INOj UO BIBD ONg
SLECT-0SLY 0916 8868 OSPbTT U3ztda 00s S a 9-GFOTZSK
00SL~6L8S 0916 8858 OSP11 3Isatg 00s S q 9-GHOTZSKW
0GZT1~05C6 0916 8858 oSyt Y3IFTa 00S S H 9TSHYOTZSH
_ ! 0526-009L 0916 88S8 osbIT IsaTy 00s S H 9TISPOTCSH
: *SLETT 0916 88S8 0SPTT y3zta 00s S o) (3a9sur
pay)
INPYOTZSH
i
{ 0085~-00S¢ 0916 8868 OsSPIT 3IsSaT3 00§ S 2 (3adsug
. P9d)
: 2 9NV Y012
i % 08L2T-629T1 0916 8858 0sSPTl Y3azrda 00s S o} (3assug
- usaxon)
% INVYOTZSH ~
) a 0SLY-ST1¢E 0916 8868 OSvTT 3IsaT3 00§ S o] © (3xesur
. m ua919)
! INPYOTZSH
! ]
' 062ZL~-0SLE 09121 00P11 002sT Yazra 00s S ) 9-ZVOTCISHW
” 0006-05L9 09121 00%11 002sT IsITg 00S S g 9-ZVOTISKH
: 0000T1-058¢ o91e1 00bT1 00ZST Y33zid 00s S 4 9TZVOTTSKH
0080T-0009 0°1Z1 00PT1 00Zs1 Isata 00s S A4 9TZYOTZSH
(°sqar) (*sqr)yabusais (-sqr)ylzbusias (-°sqr) udyeyl, (°SqI--"UT) PpPI3ISdL p I0 € ‘T ‘T 92TS
saTdwes po3sag TeTxy TeTxy yzbuaxiys Hurpeay anbiog sa1dures saxnbtg pue
uo peaads “UTW 30N TUTRK 3INN Terxy BTD4AD 3Jo 998 ‘ubtrssqg aIsqumy
peoTaag 2Yy3 3O %08 3yl 3O 3GL SUTW 3NN Jaqumpy a1dures 3xed
M ION J2IS 8/f WOd NOILVIYYA NOISNAL-INTEOL -AIl FISYVL
|
i
h




NADC-7535%-30

S2Z98T~00STT "8891 2EBST 0111 Y3aztTa YA S d 8-SVYOTZSH
62902-05L91 88891 2E8ST o1T1C ISIATS STl S d 8-GVOTZSKH
05.6T-0099T 88891 zg8sl OTTITZ qazia st S H wqmvoamwﬂ
SL8SZ-0006T 88891 cE8ST OTT1C 3IsSaATg sct S H 8I1S¥0TZSH
0SLPT-ST18 88891 2EBST oTT1Z 3yta SCT S o) 8NV POTZSH
000€T~-0006 88891 Ze8ST O1T1C 3Isatda T S o) 8NYPYOTZSH
0SL€-000¢€ 000TT ZIe0T OSLET Y33Tg SL S P 8-SV ZTZSKH
SCIET-SLEG 0001T ZTe0T 0GLET 3SaTg SL S b 8-~GHZTTZSH
0620T1-05L9 000TT ZTe0T OSLET Yyazra SL S A wqmvNHNMﬂ
0SZyT1-00211 000TT ZTe0t OGLET ISIATA SL S | 8TSVYZTISH
(~sqr1) (*sqT)y3busals (-sqT)ylbusxls (°sqr) ud¥eL (°Sq[-°"33) pe3saL b 10 € ‘Z ‘T 921S
satdwes pa3say, 1PTXVY TeTxy yalbuaiys Butpegy anbzxoyg, sot1dures sambra pue
uo peaxds TUTW 3NN “uUTW 3INN TeIXY  9124D jJo 295 ‘ubrsag Isquny
peoTaxg Y3 30 %08 8yl Jo %S¢ ‘UTW INN ToqumN 91duwes 3xed
LON 3ZIS T/T 404 NOILVIHMYA NOISNAL-3NIOL ‘A FIIVL

18




RS W i AR g WBRE gt

T oo o

AT 5 e o e n

s s

NADC-75359~30

*UOTIVINOTES T PISn J0u $®m ITILD YIJFF ‘Ifoxq 3IToq s97dmws Inojy uo ®IVP ONx

zE'O 9%°0 0Z°0 LA ] zZe*o  zT°o (£1uo qrT WIF3 £3q INOY3ITH) 98vIIAY
92°0 ™°0 02°0 12°0 ¢Z°0 81°0 (£1u0 qnT witg L1g) 9B%eraay
62°0 S%°0 0Z°0 €2°0 8¢°0 02°0 (qv1 wiT3 £30 INOYITM puw y3TM) IBvIIAY
$Z°0 9€°0 81°0 91°0 02°0 ST1I°0 °s®qI-°ut 00§ < q 9-CHOTTSH
L1°0 SE°0 E€1°0 91°C 20 TI°0 °8qr-°1T 006 S v IICHOTIZTSHK
o%°0 19°0 61°0 o%°0 IS°0 LEO °®q1-°UT 0O% ) 4 S=ZH0TZH
9z°0 TE'0 %Z°O0 §2°0 82°0 %Z°0 °#qI-°UTl Q0% S v STCHOTZTH
€€°0 70 €20 81°0 LT°0 91°0 °sqil-"uyr 062 S d 7-THOTIZSK
0€°0 Te*0 LZ°0 81°¢ 02°0 L1°0 °sqI-°"u¥ 05C S q YIZHOTTSH
¥ » ¥ 8Z°0 62°0 02°0 °sqI-°UT 001 5 4 E-CY0ITSH
oe°o §L°0 ST°0 £€2°0 82°0 81°0 °sqI-°u¥ 001 S g CICHOTESH
(1240 4333a) _ Y3TH _ moT (31240 38a1l) yBjH  moT  PIUTMIIISC  PIISIT, y 10 f ‘T ‘T =Yg
303083 (31940 u33td) 303983 TP1OX) 38XTI) swa 1030w3 satdumg 83813 puR
TOTIOVIXI pesadg UOTIOTIZ pwoxdsg oIVt p ) 39g *2dLy zsquny
28s10Ay  x030®3 ToOIOTIg IBwavAY 103983 UOTIOVTIZ YOTYM 3w aIqEny LY T4 Ixeg
so1dmg IATI sI1duRg IALI anbxoy

SINN THOTZSH ¥0Z OOV NMOLIOTHA °*IA FI9Vl

19




NADC~-75359-30

e s . - S B

v ot o

-paddtx3ys

speaayl sopdwes IMOJ uc e3ep ONk

Lv°0 Ly°o TE°0 0E-0 bv-0 ¥Z°0 abexaay
og°0 €€°0 £€2°0 82°0 £€€°0 €2°0 °sqQi-"3F STl S o} 8NPPOTICZSKH
»ATuo ardures suc 103 ZT1°0 8Z°0 8€°0 €Z2°0 °SqT--uUT 005 S 2 (3x9sut
p3y)
INVPVOTCSKH
I1°0 1T°0 010 £€€°0 £v°0 8¢°0 °“sSqI-"Ut 00S S S (3x9suy
u3axo)
9NV VOTZSH
6v-0 9c°0 Lv°o LZ°0 8€°0 Z2°0 °“sqi-~-"ut o0% S o SNPPOTZSK
€S°0 69°0 0S°0 (0130 0) ov°o PZ°0 °SqI--ut 0S¢ S o/ PNPLOTTSK
sv°0 93°0 Sz 0 14 ] €L°0 €2°0 °sqr--ut 007 S o} ENYPOTZSH
(31240 y3313) YbTH MO (97240 3s113) ybIy mox pauTWI®ldg Pa3IsSaL b X0 € ‘Z ‘T 92IS
Io3oeg (371240 4y3313) z03003 (3T24AD 3ISaT3) Sem 1o030vg satdures saanbtyg pue
Uleyetol & &1 peaads uoT3IOIXI peaads uoT3IOTIY Jo 9as ‘adiy xaqumy
abexaay J030®3 UUT3IOTIIY abraaay J03283 UOTIDTII YOTym e Jaqumy atdures 3xedq
satdwes sa1g satdmes IATI anbaoy,
SILNN YPOTZSH ¥Od HOLOVA NOIILOIMaE °“IIA JI8VlL

20

pan” 4




m
m
w *poddrays speaxyl a1duvs suoc UO VIRP ONs
M 6Z°0 6€°0 ¥Z°0 81°0 €2°0 91°0 (ATuo qnT wrtd £2q 3InOY3ITM) IbeIdAY
| SZ°0 8Z°0 €Z°0 0z°0 »Z°0 8I°0 (Atuo qn wityd Axq) @bexvay
. Lz°o0 PE'O0 €270 61°0 €2°0 L1°0 (T wyt3 420 INOYITM puw YITM) ISerday
61°0 9z°0 91°0 91°0 8T°0 ST°0 °sqr~-"33 SZT S H 8-SYOTZSKH
91°0 81°0 ST°0 €1°0 91°0 Z21°0 °sSqT-°"33 SZT ¢ H 8TSYOTZSW
m 81°0 8z°0 TT1°0 0z°0 €2°0 8T1°0 °SqI-"UT 00S S a 9-SYOTZSKH
m €1°0 »1°0 2I°0 St°0 8T°0 PI°0 °SqI-°"UT 00S S H IISPOTISKW
W 9z°0 Ly°0 s81°C »T°0 0Z°0 €TI°0 °SqI~-"Ur 00¢ S o S-SPOTTSKW S
) = #ST°0 s9T°0 #ST°0 ST°0 LT°0 PTI°0 °SqI-"uT 00 S d SISPOTZSKH
or-o Zy°0 9€°0 0zZ°0 €2°0 (LT°0 °SqI-°"UT 0SZ S a v-SYOTZSKH
| Lv°0 LS°0 ZP°0 0E°0 9€°0 8Z°0 °SqI-°"UT 0SZ S 9 PISPOTZSKH
w 1 4 A0 €S°0 8E£°0 zz 0 62°0 6Y°0 °“sqr--uT 00T S a £-SPOTTSW
€€°0 pE°0 TE°O Lz°o T€E0 $2°0 °SqQI-°"UT 00T § 3 €ISPOTZSH

(31940 y3zrd)  yb1H Aol (91940 3I8xT3)  YBTH AT PIUTWIIIAQ PIISAL b 10 € ‘Z ‘T I8
I030®3 (®1950 q33td) 103003 T(919X0 383Td) sea 1030vg sItdwes saanbtg pue
uoTIOTII peazds uo¥IDTII peszds uoY3IDTII 30 395 ‘adAl z3qumyN
9bevxaay 1030®3 UOTIOTIZ sbeaday a030®3 UOTIDTIZ YOTIUYA 3I® TIqumy atdures IxRg
satdures aaTg3 satdmes IAT3 anbaoy

SION SPOTZSH YOI dOIIOVd NOILOI¥A “IIIA FIaVl




NADC-75359-30

~N
~N
8£°0 w0 ¢€E£°0 s1°0 8T°0 9I°0 abexaay
€S°0 09°0 8¥°0 91°0 61°0 PI°0C °“SqT-"33 SL S p § 8-GPZIZSH
zT°0 L0 81°0 1 A8+ 91°'0 £1°0 °sqQi-"33 SL S A 8ISPTIZSKH
(31240 uy3zTd)  UYbIH AT (9T9KD 3Isat3)  YBIH AT POUTEIAISG PIISIL ¥ 20 ‘E ‘T ‘T 92IS
10304 [E3ELS) CEVEF)) 303003 (31240 asata) sea 1030e3 se1dmes saanbta pue
uoTIDTIZ peaads uoyIOTII pwaxds uotT3IOTIY 30 ?9s ‘adAl z3quUNN
sbeasay I030vg uUOTIOTII oberaay 203003 UDTIOTII YOTYA v N atdares 3xegd
sot1dues IatT3 so1dees sAT3 anbaoyl,
SINN SPZIZSH ¥OZ ¥CINE NOIZOIMZE “XI FI&EYl
— Sy I




FoErT e wMg s WEELL Y SRR

s

Cae alE e %

,359-30 -

NADC-

PReSete

A L P Y R D I S S L N AN N - .
L e s b T - SR Tt Y G T o bR LrNe, Y N
B , s . N 4 L . tae L er AmAe et R L S T P PN A L - : < [ A
LR e T e R TR R A R TR e RIEL A Rt S WOSSISREICR SRR oL o o
S R Sl e b RS o GrTas o TNl

aybToH pue UOSEXSH PIdNPaY '3

A

[T

Frt
Va-
Cepe s
AT e ) I s
ey S AR b Iy TR e : )
S pr i FURE et S Be TR

s s

4G
g
i

oy e -

B

7 g

"

g
ER o *

Sl e -
e FE 0T

P s ST O OB
e

"y
3!

Pyt

ALak
SRR

Y

ha s

g

RN v
el o n A S i

328
LT

Seire
., 2T Faumts

i i ST
5 ATTEDTH

e
LR SEN o
Vg LR T
B A Tk s L A

v
LN X

L R
NS o

PRENE L oo ¥
Tl R

=
5 (3T

o W

2 7 Lot

A A N
FROMeAINOL
2

1.

s
S

S D

oOSY ‘SUTHO0T-3TIS ‘3INN ZYOTZSKH

Wy

Jo Pt 1
%Ms et N

N ARG
m.,.»w,....,:..» .x&ﬁw»v}.\

-T @anbTg

RSN
A

frh Lo b

et i AU of 0 2 A T
o A PR

se ®,
[t ?xw»{ -

3 s
fa r « R

PR ARATS RN 0)

", v * PR N - "
e L B L I e o wes b 2 b e e

Cn we AR S A e W

e o 1 T e gt e T A

o TR

23

Ry
£

pre—————————IRT S




w .( | ) . I
M u.«.. - o 0
m ¥y
M BT puUT uo <3y
* | ybToH P bexsy reik 'd 76T ‘BUTHOOT-ITBS ‘3INN KHOTZSH “z oanbrg
m e - A S o iy N0y in g e . gy P, b Ll e Y R
H
i
Q m ey s a1y
T R ey oy
) . )
. o
. ]
N}
R I o |
: 2
-] S )
‘ v
; <
! M )
m =
i x5
. _ A Taoy Supy
FVUTAONE JADEUT ITITERS U0 - .
i
;
!
]
3
§
e o e 4 e eyt o .
’ i ’ T | ; | :

- 2 § : i
el D |



he o

RO,

P

s

¢ e vme

Ry My A LAY L 08
G s

)
SR ;w‘wfﬁ@ R ol

AT R A
AU ¢

W

P
L‘{\jﬂ‘ i «}ﬁw"

2y

1
)
A,
R5

'i,!;i
ctior

T HRE
ergi
RN
O TN
qﬁ.f‘*.r‘»ﬁ L

53 00

i
“

B
?~q
£

A

ded

3
¥ a

.
1y,

v
K
s

2

D
2L
c

Section
htstiwhic

- 'é@
Dt i 8

-‘5,\~,' 54
2a
Lant
1

X

Priche:

Yo

[, et
13

ra sl oy aac g M‘(""
e
A

38,

F o

jepexn
e L3
Y%

o
wt

BTk
7 e

(-

¥

S

1t

A

& e
R

PR

[y
paers

MY

PO — U A

ey

NADC-75359-30

AR ™ Ny Y e AN .
;. Sre Tkt

XS

Fhe A

AR, P
kY

g
s

3
304

P>
i Zepe™

Doy
Rt

R ;;g,«‘ A
. B
SR A

gt
L3 s

Crragt

X

RS

I EC
s "m! "
05Tt

Sé

L
o

.
.<,x»:“¢

£

X2
it

oF

e

1,

25

2, 5%
ek

e
2on

R
rs

A

PR

> ‘*’.2
Sk

s

sy

St

B3

e N e

5
Ty L7

e
Lok

-
o

1 il B

R
At 1 b b

S

P

3y R AT e 2

§ ity asirro n M1

arh v

gty ko

T 4
o e

ol 2 T
L P R
Ko e ‘z\gfﬁ‘ g(

A

2T
ORI S R B
et Ses B A

Robs 1
e
M gt
Q3¢ &

s

frpri
e

eSS
W e
LN

521045 Nut, Self-Locking, 450o F, Regular Hexagon and Height

Figure 3.




-

LN SN St

R
e

v v
1

-

2

)

P

NADC-75359~-30
5 5 '*w v wm
R RN A '“'E-%W SR EIIE e
R b ¢\ N R, \“f; i ’«g f :»);
"f:wf{a & fg& @’ %Mﬁ’\ oK i

: 3 rER
% S RN R
PRl ey ST AL o % AN g
“"‘ fflv:‘?@ o3 Qﬁ"‘“""‘) Fs X&'\ ! %
ReR
A,

»

e
Y

%

DAy SR,

N
s
<

% s

% BRI R
R s v o5 %&%V&g;
NS ATk

ks Sty
AN S
e S o A
%, : ]
ML ISR o TR by‘“s
ks :

SN
B2

\;M
DAL

o, S

o

AL

A
e

e
N

&
L3

i
X}

qe
S Gl

X
S s h A
X1
b A

)

%
=

p
:

L

£10

o

Ww.
wh
A Ty
X

&c
§§“ o
vl

e
bt
A e i

g

T
s

ol 5 s B 4

a

da
13,5

|

-Thiea

UBDeL

Crnians

S
wreln T e
AT b I8 T a8

S et

3

4 0
oo

ok
11
g

: E:
cKin
o e o

Ik
i0n
7y
24T
A
2
A
;« n *
i 2

€

»\5.,‘
e o

st

»

PR

ERIES

V.
W
S,

AL .

oo, L Ct
TOV: g
LY

fon

.

s,
I
e L

LA

)
AN 6 e o

L ATA

o

R e
R B

26

EyrKY

A e et

ight

¥S21245 Nut, Self-Locking, 450° F, Regular Hexagon, Reduced He

Figure 4.




NADC-75359-30

3,500

3,000

2,500

2,000

500

TENSION , LBS.

1,000

500

O MS21042L3 | ST. CYCLE ®
O Ms2/042L3 S TH cvCeLe -

25 @ 75 /100 125
TOEQUE 4 IN - L B5.

FIGURE &, TORQuU: - TENMSION RELATION SHIP
FOR MS 2104243

27




NADC~75359-30

B st . g e e

-ty s s ome ol

o e e e s e —

[g%] Q) MJ 2/042"‘*

! ST.CYCLE
O MS2/04RL4 & TH.CYCLE .

&
~,

TENS/IOM, 4LES.
3.000

FIGIRE &b.

/ |
/ .
®
7/ //’
e
/00 200 300

TORQUE, IN -LBS .

TORGUE ~TENSION RELATION SH I P
FOR P15 21042 L4

28




At e

NADC-~75359-30

12,000
O MS21048LS5 | ST cycLe
@ MS21042.L5 S TH.CYCKE -
o
16,000
8000
g
Q~ 6)000
Q
9 .
2 %
Q ;
4,000
Fd
0))
2,000
1O 200 300 400 £00

TORQUE 5 IN-LBS.
FIGUKE 7.  TORQUE -TEMNSION ReLATIONSH 12
FOR MS 21042 L5

29




NADC~75359-30

O MS 21042L6 S THCYCLE -

8 |
L O MS21042L6 | ST CycLe i

12,900

43 000

8000
N
HO—0——

TENSIOM y LBS
%000 [=Ys 00
o—

2,900

16O 200 300 400 500 $00
TORQUE, IN -LBS,

FIGURE 7. TORRUE ~TENSION BELATIONS i1 7P
FOR MSZ/0H2LG

i
!
i
Y
I
t




3500

3000

2500

& 2000

TENS/ION 4 L
N
o

{000

500

NADC-75359-30

©
P
D MS21042-3 | ST eYCLs
(I MS2/1042-23 2 Wb, CYCLE - - /
( BoiT BROKE AT 95 (V-A8S, 2D CYCLE
{ BOLT BEOKE AT q0 IN-LBS. 3R ecLE
| BOLT BROKEZ AT QS IN-LBS, 32> CYeLl
8 /
/ ®
g -/
AR
P )
}
L) _ /
~
/
y
)}
26 £0 75 /00 /125
TORQUE, IN - LBS .
FIGURE 9. TOBQUE ~TENSION RELATIONS H IP

Foe ms 2/042-3

31




TENS 1 ONy LBS.

5000

3,000

NADC-75359-30

A MS 21042 -4
@ ms 21042-4

/ 8T CcYCLE
5 THCYCLE ——r = ¢ e

& [/ ﬂ;‘ /ﬁé
| m

4,000

FIGURE ,O.

100 200
TORQUE , IN - LBS.,
TOE'Q'» UE - TENSION RELUATIONSH IR

FOR MS 21042 -4

32

300




s gy

| g

14,000

10,000

2,000

NADC~75359-30

A MS 21042-5 | sT. cYCLE
Gl MS 2/1042-S 5 TH aveLE .-

, 100 200 300 400
TORGUE IN - LAS,
PIGURE I, TORQUE -TENSION RELATIONSHIP

FOR MS 2/042 -5

33

S




NADC-75359-~30

34

s
Q
S
X[ A MS2/042 -6 | ST.EYCLE i
Fl MS 21042 -6 & THCYCLE -
3
N
3
3 ff/
N
Q"
Q
»
33 . z
N\ /
bS]
$ )
e /
? /
Q 7
) -
Nq z
/00 200 300 4Q0 500 600
TORQUE, I - LB .
FIGURE /2. TORQUE —=TEMNSION RELHATIONSH I P
FOR MS 21042 -6




NADC~75359-30
#
3500
A MS2/1044N3 | 8T. CYCLE
[ MS2/1044N3 &5 TH cYCLE - -
3000
2500
4
i
2000
. 4
7))
?
" 1500 f
o
3 3 >
W
3
N
1000 % & 4 -
7 f{
500 P é/
25 50 75 /00 /125
TORQUE , IN -LBS.
FIGURE /3., TORQUE—TENS|ON RELATION SH IP
FOR MS Z/044N 3




N, L8BS.

7ENS/0

NADC-75359-30

AMS2/I044NY | sT.cYCLE
CEIMS2/044NH & THCYCLE - -

5000

Jo00

/000

ra

i

TORQUE, IN - LBS.
FIGURE /4, TORQUE -TENSION RELATIONSH/IP
FOR MS Z/044N 4

36

AT
7 - ‘ /‘ -
— o 200 300

7 o AT




8

e, 7 ZT-ergparegs

ke

- - - . e s s e < e

TENS/ION, LBS.

NADC-75359-30

12000

O MS 2IOUYNS | ST. CYCLE

Bl MS 210 44N5 5 TH eYCLE - - —
10000
8000
6000

e
: Y

4000 A .
2000 %; -

100 200 300 S400 500
JORPUE, IN-4LBS.

FIE&URE 15, TORQPUE ~TENSION RELATIOMNSH I P
FOR MS2/044 NS

37

e




NADC~75359-30

/4,000

O MS 21044 N6 | ST. CYCLE -
@0 Ms 210404N6 3 RD.aYCLEFom - - —

(NUTS WITH RED NyLON )
L"oNL\/ ONE SAMPLE L HSTED 5 CYOLES

A

/e
om v !
Lo e §

b

g ¢
’ M
D/
g /
9 ,/cn
&'s P
3
38
30 "
N

&4 000
45&@
ﬁgto
g
L
>

100 200 300 400 500
TORPUE, N -LBS .

FIGLURE Z6. TORRUE —TEANSION RELATIONSHIP
FOR M5 2/1044N6 (RED. AIY/.OM)

38




S5

5

TENSIONy LBS.

NADC-~75359~30

/4000

A MS21044N 6

IST. CYCLE
CIMs 2/044N6E STH CYCLE -
(NUTS WITH GREEN NYLON)

/2,000

.0
Iy

/8000

8,000

6,000

4,000

g )y
N i 4#
/00 200 300 400 500 600
TORQUE , IN ~LBS.
FIGURE [ 7. TORQUE -TENSION RELATIONSHIP

FOR Ms 2/044N 6 (GREEN NYLON)

39




iy,

b L&so

>/ ON

’

TEA

NADC-75359~30

/%000

/Z,000

K
A MS2/044N8 | ST. CYCLE
EIMS 21044 N8B 8 TR.CYCLE - - A
A
M /
1)}
/

g ooo

8,000

l» ol
)

o
| g g

FOR MSZ1044N8

40

g / )
Y

3 ,

IV}

¥ Y ¢
£

8 é\ / / _d

Q 7

25 50 75 100 125 /50
TORQUE, FT -1 BS.
Flcure /8. TORGWUE —~TENSION RELATIONSH I P




%
B

A, LBS.

TENS /D

~

NADC-75359-30

3,500

© MS21045L3 | ST. cYCLE
O MS2/10485L3 S THCYCLE -

3,000

2,500

2000

1,500
/

[, 000
e

500

25 50 75 /00 /25
TORQUE, IN-LES,

FIGURE 19 TORQUE -TENSION RELATIONSH 1P

FOR Ms52/04543

11




NADC-75359-30

72000

O MS2/1045L H# | ST.CYCLE
O MS 2104514 & THCYCLE -

<
~

7ENSION, LBS.
3,000

-

4000

100 200 250
TORQUE, IN -LBS,
FIGURE 20. TORQUE -TENSION RELATIONSH I P
FOR MS 2/1045L 4

42




!

NADC-75359~-30

12,000 -
© MS21045L 5 | ST, CYCLE
O MS2/045L5 & TH CYCLE -
10,000
8,000 / §
g 4
N
. 6000
2
Q
)
N
N
4,000
2600
a0 200 300 400 50
TORG /&5 (N -LBS.
TORQUE ~TEMNSION RELATIONSH I P

FIGURE 2/,

FOR MS 2/045L5

43

- e




ST

|

TENS /Oy LBS-

NADC-75359-30

FOR MS 2/045 L6

44

S
Q "
¥ @QMS 2/1045L6 | ST. CYCLE

OMS 2/045L6 5 TH CYCLE
N

®
5]
A )
g »
©
s
§
Q ®
S
Q.‘
o
10D 200 300 400 500 600
TORQUE , IN-LBS.
FIGURE 2. TORPUE -TENSION RELATIONSH/IP




NADC~75359-30

21,000

QO MS2I1045L8
O MS21048 L8 5 TACYCLE

| §7. CYCLE

8 000

/15000

16,600

TENSION, L BS

9,000

G0

300

75

FIGURE &3,

345 76 /) 1258 /50

TORQUE, FT-LBS,

TORQUE-TENS |OM RELATIONSHIP
FOR MS 2/045 L8

45

Il



TENSION , LBS.

3000

2,500

g
&)
<
)

/,500

1,000

500

NADC-75359-30

D MS21045-3
[ Ms2/045-3

! ST cYeLe

5 TH CYCcLE -

7
y & ]
4
/
/
' 25 50 75 100 /125

TORQUE , IN - LBS.

FIGURBE 4. TORQUE ~TENSION RELATIONSH IP

FOR MS2/045-3

46




7,000

=2
~

TENSION | L Bx.

IO

NADC-75359-30

L MS21045-4
EMS 21045 -4 B TH OVCLE —— = = ——

/| ST @YCLE

=

7,00

FIGUKRE 2S5,

100

FOR MS 2/045-4

47

200

TORQUE , IN -LBS.
TORQRUE —TENSION RELATIONSH IP

300




NADC-75359-30

12,000
D MS 21045 -5 | ST CYCLE -

[ MS2/045 -5 & TH CYCLE - -

10,000 7

8,000

A 7 C
A%
M N 4
\)\61000 % f%
2
N
v
P & ,gg/
N .
4,000 L -
i
P b §3
2,000 +-
i
1y
100 200 300 400 50

TORQUE, IN -4LEBS .
FIGURE 26, TORQUE -TENSION RELATIONSH IP
FOR MSZ2/045-4

48

At




NADC-75359-30

14y 00O

A MS21046 -6 | ST ¢YCLE

B MS 21048 -6 S TH CYCLE —— - =

§ 1]
]
§ 1Y)
\)
4 ;
£ )
N
)
9 § A
g $ 4_\
N i
¥ 4 0
§ ®
N m
100 200 360 400 500 600

TORQUE o IN - L BS.

Fl&UiRE 27. TORQUE ~TENSION RELATIONSH IP
‘ FOR MS2/04#§+-6

49




NADC-75359-30

2/,000

AMS21045-8 | ST: CYCLE — 7
D MsS21048-8 & TH SYCLE — -

/8000

Q00

& ]

7,000

TENS 10Ny LBS.

4300

e

#000

7 e
é/ Y ©
/ I M
| if
/
/ £}
i
e
r @
/ (1]
.
25 50 75 700 725 750

TORQUE, FT -LBS.
FI€ URE 2 8, TOBRUE -TENSION RELATIONSHIP
FOR MS2/045 -8

$0




NADC~75359-30

4 000
©

©

O MS21245L8 | ST. CYOLE
O MS 2124548 5 TH. eveue -

/2 000
N

/6000
S
o
<«

8000
AN

AW AW B\ A
~
OO~

5?) ¢

\2" d N !

2 / Q») t

> /

W / 7 ~
Py ,

N

o / ,
/

X))
D 1
i
77 B
h | f
50 75 /00 128
TOROUE, FT~LBS,

FIGURE 29 ToRGUE —TEMSION RELATIONS H 112
FOR M352/245 L8

%, Q00

2,000

51

g RO S e




NADC-75359-30

AMS21245-8 | §7.CYCLE

) MS 212485-8 & TH QvCLE A"

15000
P~

Q200
!
N

8oco
5.
L7
™

TENSIOA, LBS.
6960
N
o
=g

4,000
I~
\

2,000
\ E

43 50 /00
TORQPUE, FT-LBS,

/&

/30

FIGURE 30. TORQUE -TEMNSION RELHATIONSH 1P

FOR Ms 212458

52




NADC-75359-30
| ST. CYCLE 5 TH cycLe
4,000
A
<
Q
! < .
g ¥
N
(N S
Ly 3000 = %-
QR & ’
N N 3
b3 T M
Q T,
2 2000 g é’*
T
N 38
" 3
Mag., MAK. 5
AVG. A S
1000 e gws- IN. \ <
(] ‘ AL
MIN. MIN. \ § AV6. E?M“N'. MaK.
§~AV6. AVG.
o) Mm' MiN.
Nui, 2
‘3 m ) " L)) g m 0 r\r; M
b 2 q ) \ 2 (
N o 9 Y Yo ¥ o9 o0M
RS RY 3 N o R
33§ 3 8 ¢ 3 3 9 °®
N N N NN NSNS NN
2] » ©» v 7 w ) w v <
X b 3  § I b3 T b3 by < by
. FIGURE 3/. COMPRRATIVE TORGQUIE - TENSION
RELHTIONSH I P FOR NO./IO SIZE NUTS
TORQUED 70 50 /N -LEBS,

53

el e s gt s g e I, S e o e

li




%}‘.

TENSION, LBS.

#000

3000

2000

1,000

NADC-75359-30

[ €T. CYCLE 5 TH CYcLE

MAK,

MAX.

MAK.
MAL AVG.

aeé: Mas [ MAX
g' N

MY,

;_LZ_Z_L;L_LLL.*Y_‘(_LJ
NO DATAR ON & SHMPLES BOLT BROKE

MiN. AVS.
awe. [T Ave we. v:r:: ¢
\ MIN MIN, MR, e
o
My
MIN.
MiN,
) m ) ™ m m ™ ™ ) )
Q ' 2 Q ) ; ' > < )
N + %) K2)
¥y ¥ ¥ ¥ 3 T ¥ Y Y ¥
© 9 9 9 9 Q NS 0O o
~ ~ ~ ~ -~ o -~ ~
b 3 < b X < I A Y I b3 Z by

FIGIIRE 32, COMPARATIVE TORPU:E -TENSION
RELRTIONSH 1P FOR NO. 10 SIZE NIUTS
TORQUED TO 75 /N -LABS,

54




NADC-75359-30

[/ ST. CYCLE 5 TH cYcLE
4,000 '
-r MAX.
\I
. N
pvr; 3,000 Syerwy \ S
4 .
< ey MAr N LY
3 / N 5
Q q MAY. AVG. \ 3
< L4 pVG. Fave, MAY: R o |
g 2,000 |4 — o Give st. y : g—1
MIN, ' N Nave. A A<
’“\J / Min- N g Ao,
d < MIN .
/ \ ) MAR.
N T RilG.
d MIN. N 2 Avé. H
/,OOO iMlu' \ 0 M‘No
T MIM
4 MIN. N
T
[
o)
| b3
m ) ) m m i) m M N 0
NN W o § PN TN
3 3 I + 3 N R Ny 3 N
N N Q Q N N Q2 Q Q 9
~ ~ ~ ~ ~ ~ ~ Ng
N N N R N NN ~
Vi v vy v n v " %) %) w
I X A I X >3 X X b3 X

IGURE 3 3. COMPARATIVE TORPUCT —TENS: Un
RELHTIONSHIP FOB MNO. (0S/Z2& N (TS
TORQUED TO /OO IN-L B85,

55




NADC-75359-30

%
o

| ST. CYCLE & TH. CyCcLE
6,000
5000
4000
\)
R .
N| Q
-~ X
2 T MAF. 3
O 3000 q \y
Q 4 MAY. Q
’“- ".‘, 7“‘““' N
Y
4 Ave, N
2'0 A". /‘ 2
{ MiN, by
V1 Y
ZL N MAX. MAK l:l,
H"“ MiN. MAX. MRK‘ ‘ N
we, [TAVS: 3
1,000 . AVG, v
AVE, o
MAX .
M, MIN. MAX - gwu. g‘m
M ﬁﬂ%. fe Llmin.
L iMiN,
F T O O @ T+ oy o ¥
Q ' Z N ' ~N ! > -
N N M N Y
Yy & ¥ 3 3 S T T
Q o Q Q 9 Q o) Q G ¢
-~ ~ S~ ~ ~ ~ ~ ~ - ..
~ N N\ N & ~N N N i t;
vy Y 2 v w %) %) ) v
¥ X b3 X b 3 X b3 by X by

FIGURE 3 4. COMPARATIVE TORQUE —TENSION
RELATIONSHIP FOR If# $12€ NUTS TORQUED
7O /00 JA - LBS,

56




i

TENSION § LB

NADC-75359~-30

6,000

5,000

4ooo

W
Q
Q
V)

2,000

1,000

| ST. CYCLE 5 TH CYCLE
;-HM-
;rm\#v
— W
/] y WAL
f.ﬁ‘JG. 7»ﬁ\/6. 1
[/ p "
1 p %
v L4 AVG,
Hh.\“’. / /1
¢ %
M
] M
1 MAL.
ﬁﬂ HAk: " N
S Iy S ‘F”‘““i
AVG.
Ve,
AVe :-A\Ié.\
N @N&.
HIN: N
\
T A —— [T AR MAR.
N PAr. NG,
\ 5'"'“- EAVG
\ Ml“ M'h)
A6
N
N N'Mm
\
N
s MIN
N ' P4 N i &i | i d \
+ o Y !
? °© f o O <~ 2 < 2 =B
a. N :;4 N N ax N ‘v\)‘ o N
Y“ n 12} v
T £ ¥ 2 ¥ T ¥ x £ 7
FIGURE 3 4. COn) PARATIVE TORQUE ~TENSION

RELATIONSHIP FCB |4 126 NUTS TOKGUED
7o 200 IV - LBs.

57

RERBLESTH g

iy I e




TENS/ON , L BS.,

6,000

5,000

4,000

W
o
<
O

2000

1,000

NADC-75359-30

| ST. CYCLE 5 TH CYyeclLE
MAX.
)
upx: V1
; MAX,
G, ;r)\\lé.
/‘
M. % AVS,
¥
/
! .~ RX‘
j M\, r"
v J[ MAX,
ELM"I. L/ . Nix
MAY,
V H
AVG. AV6.
V}W"' MM,
Alg,
/
/1 MiN MRy
Ay, MRY. @M
MIN. Maz MIN.
*vei
NG,
MiIN.
MIN.
+ N &+ + T T N ;’ * =
~ } > ) 1 N ! ~3 .
] ( N v v N N I 'n )
T N 3 < N3 N 3 Ny N} I
S Q Q N 0 Q Q o O N
~ ~ ~ ~ ~. ~ ~ S~ ~
N \] \] &‘: \ ™ Sl) N Wi %
\2) ) W 2} 1) ) 12}
> 3 b3 by by ¥ X X X I X

FIGURE 3&4. COMPRRRATIVE TORGUE ~TENSION
cLATIONSHIP FOR I/f4 SIZE NUTS TORQUED
TC Z50 IN-LB8g,

58




55

R

T 5 o ety

TENSION, LBS.

NADC-75359-30

MAY,

.ﬂval

| 8T, cYclé€ 5 TH. aYeLE
10,000
L
8,000 X
g
by S
pgn %o ")
¥ 3%
/ "Q
6,000 ¥ zh
=+ AVG. o
% T Z;
g 3 X
MAX. V] 8 ;‘ﬁ
v )
‘/’.OOO AV" / Q E
Mok Ao, Y 0 e
MAK. . MIN,
ghm, e MAY.
i, g MAYX.
200 i
MAX-
BAV" M.“. “'M-
MIN. AV6, 'p?v“:.'
MIN .
MiN.
) \n Yy N v N L
~ Q', 2 k‘z‘ L? 1 ') < sz) \.)
N Ry " 0 ¢ *
S S S S N
9 ~ ~ S 9 NS Q 9 O i}
N N N ™~ N N N \Y N N
v W w v Ny “ v v o
¥ T ¥ ¥ ¢ g » § ¢ ¥
_F/G;L/Pé: 37, COMPHEATIVE TOPRUE - TENS (CA:

RELATIONSHIP FOR 5/l6$I12E NUTS "ok D

7C z20C IN « 58,

59

- MWL




*‘f}e

10,000

8,000

6,000

TENS/ON, LBS.

_-’\8:\

2,000

P ——— gt o WG TTINGEE R R Yo

NADC~75359-30

| §T. cycLE 5 TH CYcLE
r MAR: w 2
f 35
f g
9 RN 5
T
| AvG. y
M ﬁ 6 K § &
g N
WG, ot kK
v PR
d MAX: =
MiN» L/ AVG .
MIN,
Vi MAF.
HAY. -MIN- N
N
. e N
3“’" AYS, BNG' \ N
MiN. N
MAX. ) i
we. N AV
MiN. J AL MiN
AVS.
LiMin M
A \0 "’) 9] \n lf)
N g 3 3 T 3
N ' N N Ny )
<+ g N ¥ T R * I
IR e § o ¥ 9
N N N W N NN 8 N
» 4] 2] Y Y 2] v
T ¥ ¥ ¥ ¥ < 2 ¥ 2 %
Fleure 38, COMPRRHATIVE TORQUE -TENSION

RELHTIONSHIP FOR /16 SIZE NUTS TORQUED

TO 300 IN- 4BS,

60

——




NADC-75359-30
g
° g
| ST CYCLE STH CYCLE 3 ¥
Q A
106,000 FLYS T N Y
7 Ty
. MAax. 1 N °'f
ave. S
AVG, ¥ lzﬂi.
[N
8,000 — Y ﬁmu.
Vs MiN. /1
m " :PMI‘#.
R ¥ —rMﬂﬁ.
* . N N
3 6,000 \ A
0 ;’M“lc N N
v vy v AN )
2 i ' 7N L v
Wy MIN. g AVG. .
N MAK ] \ \
Q:OOO A M, [N
N N
G, Aui. L AVG. N
N
M. N e, S
2.000 M MiN,
) w y, \ \
¥ ' 0 \; \ \\1) ™ ) ) i)
N N NS
. N y N ¥
R S N S
2 ° 9 < 2 Q Q N e 0
6 SN o b %5 w oa o
%23 2) Vi
T ¥ ¥ ¥ ¥ T £ £ 8 ¥
Fleuke 39, COMPHRATIVE TORQUE -TENSION
RELATIONSHIP FOR 5/j6 SIZE NUTS TORQUE D

7O 400 (N- LEs,

61




NADC-75359-30

| ST ¢ycLeE 5 TH, CYC LE
12,000
10,000
8,000
L)
A9
1
2 6000
v .
} WG - My
y %
}\ MIn My r
Q,OOO Mk /J
MAR. o V6. )
AVe. M#Ay. g“"" ' L %
Av6. M. “::" b4 avG.
MiN. MIN. a‘; M‘ e. AL, "
2,000 " o %
La Al
MAK.
nNe. MiN. MIN.
M,
\0 N\ X 0 1) 9 0 9 O
Jd ) \29 N | : U S .
N . 0 N 0 )
: ¥ ¥ 9 2 ¥ ¥ ¥y ¥ 3
© 9 3 ° 9 2 o 9 9
Y N N ‘:; N 3}1 NN 3: N
v Y v v 0 v )
x X > 3 X b3 I b3 b 3 by by
FIGURE #0O. (COMPARATIVE TORPUE ~TENS/ON

RELATION SHIP FOR 3/8 5/2€ NUTS TORQUED

70 200 IN-LBS.

62




NADC-75359-30

| ST. ¢YCLE 5 TH, CvycLE
12,000
10,000
8 MRK,
! am’c.
&5 MiIN, MAL.
\i MAL ;'Mhtt
§ 6,000 MR- » MAL. e Y
: "
‘g “ ﬁ“v‘. MIN. /
H Avé. pw, [JHRR %
AVG. 4 Ghedl
4,000 N6 TR |/
MW M, "
AVG, V
/
“'“. rx. . M‘“ ...Lﬂ»l.
[ M N [
2,000 frrey
9
R S N
Y |
N ()
\] > 3+ RY I N N 3 Y 10
¥ J Q S N3 > R
S 2 8 ¥ g O S § ¢ g
by X X b3 4 5 % ¥ ¥
FIGURE %/, COMPARATIVE TORQUE -TENSION

RELATIONSHIP FOR 3/8 siz€ NUTS TORQUED

TO 300 /M-LBS.

63




AY

TENS/ION, £

12,000

10,000

8,000

6000

+
3
O

2,000

NADC-75359-30

| ST. ¢cvcLe S TH CYCLE
MRY.
[YTTOREN N el
\
ek N
- MAX., N
/ \
A — M 1 e N
- ‘o
/] MAR “a \r \
L/ M, N
At Ave. N \
/ A“- \ k RVG-
v pu, [TH N ave. N
% \ N
/ ”‘”‘ AVS, \ MAR. \
4 MIN- N
MiN. N \
\ N
AVG. N
HAK- \ 5 MIN.
v 1]
ah ¢ 5'""" MiN,
M.
\0 \0 D 9 9 9 9 NI} \9
-2 \.D 2 “f) ! &f ' 2 ~N '
T N N S \n \
A S R
a o S 9 o @ 90 o 9 9o
§oN N Ny N N N NN
v v W %) 12 1)) v L v
O S T T T ¥

FIGUKE $2., COMPARATIVE TORPUE - TENSIOA
RELHTION SHIZL FCR 3/8 SI12E NUTS TURGUED
70 #00 /N -LBs

64

e




NADC-75359-30
gg‘g& | ST CYCLE 5TH CYCL&'N_
‘ AVE. r MAF
12,000 —N
MiN. N
N MAs N
MAR \ \
X
\
10,00 T MK e |
N \ N
wa MAK: N LL M- N
] r—p MAK +
% AVG, \ \
Ave | N N
8 Om R, ;'AVG\ \« \
' MIN. \ aiadd >.Mkn
ﬂ; Eumu. AVG. 3 A\
N N N
f 6,000 [THN- Iy A \
N \ Ave, N
~ N N
) q N,
2 MARk: \ - ELMm.
\}3 N
4,000 1 M- N
{
MIN,
2,000
9 U] 9 9 9 \O 9 \D ) U]
2 | 2 N } N | 2 N \:
R 1 N R \
( Yy Y 3§ 3 2 N
o Q¢ 2 9o 9 Q@ 9o ° ¥ 9
§ NN & N N N N NN
v Y 1) W Y ) v W v
g £ ¥ ¥ ¢ ¥ Y ¥ T X
FIGURE 4 3. COMPRRATIVE  TORQUE ~TENSION
RELATIONSHIP FOR 3/8 Size NUTS TORPUED

TO 500 /A -L 8BS,

65




R SRR Y R T R IR TGRSR A TR oo sy e RN SRS YRR = " -
$ ¢ i
v o ®- SHO/Z2SW
is 3 Q @
v e | 87 sHOIZ W M 3
O.
3 t]¢i N
L x £ 2
R w.avav.] svtnoiZsw ) R
> ﬁ..w D
3 i §-shzizsw R §
~ i 4 32 NG
I rs P 4 ‘ﬁv
\9 v.aw.av.a) 7 SHZ /2 siw N
3
o ~ N
T I X
2 3 m_ z Iy "
X «& X
e nun_H_ &- 1012 SW W m 8
Q 2 ! . Q
SN | i1 I S8
3 QY0734 OXF2Z QUH 37dW¥s 1| S T T IR S NI SN S| 7 .540/2 Sw gt
s CX
$ 133 oy K
V) =1 BNAOIZSH B 2T 1
o $ 133 w X oo
~L
v o B- srzizsm ¥ g G
-~ -, ’ 2 ~
3 $1 32 9 v o
S A vawav] o7 st2iZew N XK
Q 2 o o) o
8 - 8 R S 8
& N $ < 6 R
‘sg7 ‘vorswzs

#fF




NADC-75359~-30

Mhs
AVG,

MIN

[ ST. CYCLE 5 TH. CYCLE
24000
20,0
pop MA
1
A
16,000 (
bt AVG.
\; MAR /|
) 7
N MY Y MAY .
22 — 4 ave. v Av6.
Q g,000 ” AVe § by PR
\ 1]
g MIN: Mid AL NG,
4
.\ MIN
8,000 AVG. © MR
MAK.
MIN,
AVG,
MIN. AVG.
4,000 s TS
e
00 %0 0 W
N b 3 (3 ? ™ 3'? § 3 7
) \n T '\ N 3 3 Ty
03 3 0% 3 NS
NN N 0~ N N N NN g
w W vy % v 2] )
I § ¢ ¢ ¥ ¥ ¥ ¥ ¥ ¥
FIGURE 45, COMPARATIVE TORQUE D -TENS OGN
RELATIOMSHIP FOR /2 §126 NUTS TokGu e D
TC 75 FT-L8s.

67




TENS IONS, L BS.

NADC-75359~-30

/ ST, ¢YCLE

5 TH. CYCLE
24,00 k&
anﬁ
/
%
/]
/
% WAL
16,000 / A6 mat
v
|/ AVG6.
J-MI\L MIN. :-N\M-
Ml N
'2,000 MN-ave .
\
NS N
MAK: \ \
N NLMM.
8000 e A\
g AVG .
MIN. N
AL in.
4,000
0 o o0 00
: 2 § 3 7
Y \
s 39 3t 2 2
e 2 % ¥ 2 °
N o N N N ~N
W \n 12}
T ¥ ¥ ¥ ¥ 2
FIGURE % 6. COMPARATIVE  TORQUE - TENSION

RELATIONSHIP FOR 1/2 §126& NUTS TORGUED
7O 100 FT- LBs.

68




TENS|ON, LBS.

24,000

20,000

16,000

12,000

8,000

4,000

NADC-75359-30

| ST. CYC‘%&;‘“‘ 5 TH CYCLE
A
A/
4 V6.
/
L/
/ MAE:
/ MAx.
LL MiN. AVG.
%u "‘"Mﬂ‘l
e
N
MIN N
M L] v,
MAk: A
N
MK« N
\
dLM’N:
AV6.
Av6,
MM
Mid.
Q DV o
3l I
I ¥ 9 ¥ 92 3
O O o O Q Q
™~ ~ ~ -~ ~ ~
™ \Vi N N N N
e ) ) v B v
b3 3 >3 < 3 X

FIGURE 47,

COMPARATIVE TORRUE -TENS/ION
RELATION S HIP  FOR I/Z §1Z6€ NUTS TORQUED
TO (25 FT-LBs,

69




NADC-75359~30

W

12,000

10,00

_§)
)

6,000

TENSION , LBS.

4,000
/

200 400 60C 800 1000
TORQUE, IN -LBS.

FIGURE 48,  CALCULATED TORQUE -TENSION
RELATIONSH/P FOR NO.1O SIZENUTS WITH VARIED
FRICTION FACTOE,

70




TENSION 4 LBS.

12,000

10,000

8,000

&
o
O
O

4000

2000

NADC-75359-30

// A
/
3
*I[
200 400 600 800 1000
TORQPUE ) IN - LBS
FIGURE 49, CALCULATED TOPRUE - TENSION

RELATIONSHIP FOFR |/# SIZE NUTS WiTH VARIED
FRICTION FACTOR

71




NADC~75359-30

12,000

10,000

8,000

o
o
O
O

TENSION, LBS.

4,000

2,000

200 400 ©00 800 /1000
TORQUE, IN - LBS,

FIGUKE 0. CRALCULRATED TORQUE ~TENS/ON

RELATION SHIP FOR 5//6 SIZEMNUTS W TH VARIED
FRICTION FHCTOR,

%

n s

] RV



PR, - rp-a-

NADC~75359-30

0000 |, Y
/ /

5,000

: /S

5.\ 6,000 | / / /

4,000

2,000

400 600 800 /000
TORQUE, IN -LBS.,

FIGURE 1. CALCULATED TOEQuUE ~TENSION
RELATIONSHIP FOR 3/8SIZE NUTS WITH VARIED
FRICTION FACTOR.

73




%ol

TENSION , LBS.

NADC-75359~30
12,000
10,000+ /
8,000
,
FIO
b
6,000
4,000
/ / //
21000 / V[
200 400 600 800 1000
TOE@&/&:, IN -LBS.
FIGURE S2. CALCULATED TORQUE ~TENS/ON

KELATION SHIP FOR /2 SIZENUTS WITH VARIED
FRICTION FACTOR,

74

B VoS

o R T B I R AR BN IR U SR e e

ey




NADC~75359-30

DISTRIBUTION LIST

AIRTASK NO. A510-5103/001-4/3510-000~002
Work Unit No. AS5305-59

E

No. of Copies
! MVAIR (AIR-954) L] * . * - . . L] * * L] * L] * - L] * - . L] * L] * . 28

! (2 for retention) (2 for AIR-53031) _
(2 for AIR-5102B) (2 for AIR~530321)
i (2 for AIR-5203) (2 for AIR-530323) "
| (2 for AIR-520C) {2 for AIR~5304)
(2 for AIR-52021D) (2 for AIR-340) '
(2 for AIR-530215) (2 for AIR-4111) A
(2 for AIR-5303) (2 for AIR-41111C)

COMNAVAIRPAC . . + . . . . B
AFSD ASD (ENFSS). « . . . .
ASO (TEC and PGB-21). . . .
DISC (PGB, SCB and M) . . .
NAVAIRENGCEN, ESSD (X-22)

’ ARMY AVNSYSCOM ‘AMSAV-ESP)

. * ) £ . .
s e e e

* L] - o * .
e o o s o
e o o o o @
e o o o s &
e e o e v e
o ¢ ¢ o o @
« o s e

e o s o o o
- . - £y

« o o+ s & o
L] . L] . -
e o o o o @
« o o o o
* - . . .
ese o o

* . ® . * .

H

N W N W

DDC. * e e 0 ; & o ¢ & & ¢ & ° 8 3 s 8 0

.......,,.,12’

(3 for 3813) (1 for 50)
(2 for 30023) (1 for 60)
(1 for 03) (1 for 3CP4)
(1 for 20) (1 for 30P6)
(1 for 30) (1 for 30P7) i
i (1 for 40) (1 for 301) *
(1 for 302)
{1 for 303)
(1 for 304)
(1 for 305)

(1 for 3053)
(1 for 3053: M. Zurko)

h

e
SCETIR V]

P




